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THE EFFECT OF VARIOUS SURFACE CONDITIONS OrT PRESS FITS 
OF STEEL BUSHINGS AND l7S-T ALUMINUM- ALLOY FITTnIGS 
By E. c. Hartrnal'lJ1 and J . 1". Reedy 
SUMlJI.I\.RY 
Specimens of l'1S-T aluminUYll-alloy fittings with pressed-in 
steel bushinr;s were tested for various surfaoe conditions . The 
maximum load required to insert the bushing into the fitting 
was measured when both surfaces were bare I whe:1 the 17S-T vias 
anodically coated and the steel cadmium- plated, and when either 
surface was treated and the other bare , bot!l without lubrication 
and with Gredag Ho . 83 as a lubricant . Coefficients of friction 
for the various press fits were determined from these loads and 
from the oalculated pressure~ on the specimens . Use of anodic 
coating ori the aluminum- anoy fitting red.uced the load required 
for a press fit to less than ono- half and use of cadmium plating 
on the steel bushing , to less than one- third the load required 
when both surfaces Vlere bs.ro . The use of the lubricant ''laS very 
beneficial when both surfaces wore bare hut had little effect 
for the other surface conditions . 
INTRODUCTION 
In aircrRft oonstruction it is Co~non practico to use 
aluminum-aHoy fittings ",lith pressed- in steol bushings to make 
connections between certain structural members and for parts of 
the control system . Such fittings hl'l.'Te been under discussion 
recently because of the poss ihility that the stresses set up bJ' 
pressing in the bushing might promote s~ress-corrosion cracking 
in the fitting . It has been concluded , however , that if the 
interference between the bushing and fitting is properly con-
trolled , the stresses set up by a precs fit can be kept within 
safe limits . (Interference is here u3ed to mean the difference 
between the outs ide diameter of the bushing and the ins ide 
diameter of the fitting before tho press fit is made.) 
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It is r o co~niz ed that , i n oreier to acconp lish the dosi~' ed 
control of stressos pr odu ced by p r ess f its , it is uoc0ssary to 
avo i d g. lling be-b.:eon the busl:i!lb and fi tt ing as the bL~sning is 
b8inS pressed into the ritti'g. ' If s uch gall ins oc curs, the 
ei'f'ecti'le int-::rforence bet·,mon tho bushiuC' and fittin'; is doubt-
loss increased; and a s a r8sult the stresses will be h i g:,e r th::m 
i 'lt:mc~u . PeCDUSC of the importrnco 0 : avoiding gall ing , i t Wo..tS 
J,t;cidod to comp,t r o the gall inb 't0ndoncies of pross fits .na da 
:'fith various surface condit iol1s t..s outlined ilerein. 
T:w a luminum-al lo~r Gf'l.:"t)h.s for tJ,is inv8stig:J:tion ':18 r e not 
actua l oircraft f itti l'S 11ut 'Nere 3im-:>ly a i gks cut from 2- by 
3/4-inch- 17S.-T rolbd ;aro Eucl:. disk · '1,'; 0 l~ i nch in d iamet~r 
u:'ld 3/4 i nch "thick . The : is :.::s ,lero p i c:' rced a t the certer with 
a rOL,nd. hole ca!"~fully bore1 to Eive 1;1",,3 r Jq'.; irod interferenoe 
for th" 7/8- inc:l- di::.un0tcr st561 (.ush inG3 , which W3re late r 
pressed i ::l'Go t .; disk3 . F'iy:r3 1 shov/:J 1;1.,) finish on t"o inside 
s'.lrfac!] 0 .. -' Olle of these dislCG 0 
The stoo l Dl<shin sc "!GTe I'1.::l-:'e ,:rom 7/C - .i.nch- d.i.a'11ste r drill 
rod . Each bn,shi2.::; had a no:;tin" 1 inc ido di (Ple t or of 5/8 inch 
and a n omina 1 COl'S::; ide cli.::l!",lC;"~e r of 7/'3 inch. The l ength of each 
bushin ;;, Vf<-.S 13/10 inc:" ';ii th f;;, f; lir:htly roundcn loading od30 to 
facilha tG olltr <J.nco of tlW bllshing i nto tho fitting . The steo l 
d r i ll rod was so] t.::ct'Jd for rOU:1.Cn03S :.:.nd size a nd , as a r e::;u lt, 
no rnachinin6 \';as 1'C uir od on tho outsid") s'11'f'1co . 
Eight dislcc a~1d ':..ight bush ings \'ror,~ pl"cpared . On8- La lf of 
the bllshi ngs 'Ii ero cacLniu.n- ::>lat6d ·0:' tho 1<'inis[l(,s Division flt the 
Nev! Kans i ngtoniorks . Tno OlotS :'de di u.me'~cr of all oushings wa s 
dete r cnin3d to the nC:"lrest 0 . 0001 i1 ch by a ";OiS8 opt imeter in 
con,iu~1ction v:ith iioke pre;c i sio"1 /:::f1.€,c b lock:'; . The hole s in tho 
173 ~T disks por c b r ed to g i ve an inside diam::;tcr nomi nall 0 0 0025 
inch l es s them the ou":;sile d i a.let0 r of thE:. st_C'l bushi nc;s o> One -
half of the 17S - T dis~s ~mrJ ahodically coated by t he linishes 
Di vis i on at the; I'm>" KenSington 1!orks UGL.g tho chromic e,c i d 
procecs , th') coating be i ng applied after th(; ho l e3 hud beon bor ecl 
to s i ze . 
';Vhon a ll t he disl:s l;,ad bevn pr cparod , i nc ) 'ld ing thG anodic 
coa.t i n c:: , their ins ido diu.metors wur~..; c'l.refuJ l y dotorminr d by lSc 
of }:ol:c nrocision t;a3;0 b l oc1:s . Table I £ i vcs the mec.su!'onlc...nts 
of the inside diameters of those; disks as well as tho mor.sure -
mcnts of the outside dimneters of' tr!e &teel bushings a.nd tho 
corres ?onding interferences . It ',i 11 "bo noted that the 
interferences vary from 0 . 0021 to 0. 0028 inch. 
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It was recognized throu.:;hout this investigation tInt , since 
metals '-lith different coe:!:,fi.cionts of exp'lnzion were being used , 
the interference Nould chauge with varj.at~.ons in tC!lluerature . 
It is estimated thn.t 'che total cr.ange in temperature of the parts 
during this invcsti~ation did not exceed 100 F. Such a change in 
te:nperature vrould not ap!?!'ocia.bly P.i'i'0C·t the interi'crol1.co. 
Tho no;ninal interforence of 0 . 0025 inch , v,hich \"laS so l cctcd 
for this investigation, i::; approxi,~a1;c.ly eqlwl t.o the maximum 
interference recoITLllended on this siz0 of bushing by some aircraft 
manufa cturers . All th(~ .::~otual interferencGs proved to b o within 
16 percont of tl-18 intended nomilull value . 
Tho general preportions of tho specimens used i~ this investi -
gation, especially the wa.ll thick:al. sses of thQ steel bushings and 
17S - T fittings , are believed to bo in 8.ccordanco with currant 
~ircraft praotice . 
TEST PR:-:CEDURE 
Tho bushinF.:;s and fittinl~::; wera prepared for press fits by 
cleaning <1.11 faying surfaoee v/ith :J oetono . Follouing this troat -
ment , somv of the surfc.ccG were co::tcd with Grodag lTO . 83 as 0. 
lubrioant . 'l'h,) pres s fits were then :mn.de with a 20 , OOO- pound 
capo.oi ty Ams leI' testing machine . Ta~le I shO\~s tho conditions 
of the surfaoes of each fittinG and bushing o.nd the loads re-
quired to insert tht;) bushing . In (\11 oases the b1.l.shinbs \vorc 
pushed through the fittin oS so th3.t the loading edge of the 
bushing projccted 3.9proxinntoly 1/16 inch from the side of the 
fitting ouposito to -:.hich it entored . In all cases the auto-
graphic load- duforr'1fltion cbbr'-tHs indico.ted that tho pressure 
increased graduall~r as cho bushing <3;1tcrcd th:: fi ttin£ and 
finally reached a maximum v~.lut; vihen the press fit ·,'m.s nearly 
complete . It is this IP,aximum load which is rocordod in table I. 
The calculated pressures ar..<l f:tresscs in the specimens 
produced by t he pross fits e.re Si":.OW11 in table II . These ?rOSSUr0s 
and stresse s were oo.loulated from the following forFlul:..s deyolopod 
by M:c . H. lJ . Hill , beserl on a g'3ncl'Ll J'1.othod of ana lysis p r " sonted 
.,y S . Timosh '".:nko i "'1 r c f c r er_oe 1 : 
[, " 1 .., 
D=- --.. -----~--- - -- - --- J ~. b I ...., , ") '" 
1 
( 
a 1. ,. J 1 ( l... c. I a ) L :.... + ) l' . - C 
-' _.- - ' " - IJ. +. - - --- - + IJ. 
, 8 8 S _ 8 , :1 A/ 
Es .J - a / bA " C' - 0 
==p 
'0 8 2 
.. Ll 
0.J + b a St == p -_. __ .-
(J 2 
C - 1; 
0'1 
- :? - -~- - -. 
b c.v':; r 8g..; Ol..ts1d; diar:-:.t· ·r of bus:ciL1G ar,d inside di am'3te r 
of l' i~lG , j.r.ci103 
o Qut::;ido dia.::tCl' .).;:' ring , i u c hc,1S 
p r adia l D_OSS'J.r: b)cI·..:or bU3him; ::mcl ring , JJl,unds Dc r squaro 
inoh 
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~~ Poisson ' s ratio for steol (0. 25) 
v 
~.~ Poisson ' s ratio for aluminum a.llo:,/ (0033) 
St tar.go '~ltial stress , pounds pOl" square inch 
T maxim Hil sheur 8tross , pounds per squuro inch max 
The preceding ,::quations art; anplica1JJ.e only yri thin the 
clastic runge and for the id:;3.lized CIlSC in liv,hich f\ cylindrical 
steel bushing of uniform vfl11, t;licknaGB is prossod into a 
central circular hole in nn o.lu'iainurr.-c 110;)' disk of uniform depth 
aqual to the length of t)IC bu~hing . Bocause th·:! sc cor;ditions 
arc not exactly met i41 those apoci;ncns , t.hc ell lcul9.tcd vulues are 
ol" ly aoproxllllfl.toly corr'Jot. 
After the cig:ht prcsG fite l-:P1.d b'Jon completed , the Gpocimons 
were s'lwed in half t\cross the d..i..D.':1:.:tcr in ord.er to release tho 
bushing and cxpose the f'aying surfaces of the disks t\nd bushings . 
One- ho.lf of et\ch disk ~Ind bl chin~ , prop:)rly ident ified , wo.s then 
submitted to the Motallurgic'!.l Division for cx::wlination. 
DISCUSSION /)F RF..3nLTS 
Tablo I indicates c]o9.rly tmt the me.ximum load r e quirod 
for a pres:- fit in thic invcsti[;,.;.tion occurrod in the case of 
specimen 1, in which both the stoel and tho al\..1:ninum-~lloy 
surfacos were bare and no lubd,cant was appliod . This load is 
f r om 2i to 4~ tine s as great as those required f'or the o'cher 
press fits . It should be noted , how.wcr . that specimen I rod 
the ;;rea tcst intorfore~ co between bushine; c..nd fittir~g. Tho 
difference in interferonce betv!Ocn tho vurious specL!i Jns iJlJ.pairs 
ttc vulue of any direct comparison of tho louds required for 
the press fits . 
In order to overC01[lC th..:; difficulty presented by the 
vo.rif1 tir)l1 in intorferen oe in th0 various spvcimens in this 
ir..vestigation, the (~ia6rwn show:::. in figure 2 YCS propared . The 
busic of this di(...gr~m is ~ curye p::op:lrod from do.Go. from u 
simila r i nvcsti:;ation which involved precs fits made -,'nth stool 
bushin;;s in 14S- T disks ~)y usc of a contact of bare steel to 
c.IUlninum a lloy, lubrica ted with Grcdo.g lJO . 83 . Thr)so bushings 
and disks wore the s ?..me size .!lG those used in this in'vcstigation 
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oxcept for' 0. s lightly triclu r ~'i',1 1 on the bushings . Plotte d 
':lith t h is gO'1or'.l l C~lnTO in fi g;uro 2 Qr c tho r osults of tho oight 
pr oss- fit t ests t~kcn fran t ab l o I . I n ord3r to adjus t tho loads 
r equ ired for the~c C ig~lt variou ", pres 3 f its so tho. t oach would 
r cpr cscl t tho S 0.'10 v o. lue of i ntorf,) r ol1ce , 0. curve vro. s dro.wn 
t LroL.gh each data ?o i nt and tr: origin, t h is curve in each case 
bein€; of tho s o''10 geno r a l ShclP3 as the mas t or curvo tc..kcn from 
tho ot11cr inves 'c igc,t i ono E'l. ch of thOSE; curve s is sho'm in 
.l. i guro 2 fro:1 ti10 dD,ta point up to tho vortical lino re?rosonting 
an i nt::: rfc r el1ce of 0 . 0028 i nch . The int o r s~ction of those 
vt~ rious curves with 'this vG r t ic[, l linr.:;, g i ves t he loa d ttrt would 
he >T0 Doen expected i f t hl') i nterfc::-cnco h:.td beGn 0 . 0028 i n ch for 
e~ch pross fit. Be cau se t his CO~30n va luo of interfe r ence 
0 . 0028 inch was usod , no a djustmo_1t YIIl S r equ ired for t ho loa d on 
cpoc im n 1 . Tho adjusted louds for a~ i nterference of 0 ~ 0028 
i :lCli 0.1'0 shown i n thr;; b,st column of tablo I a,ld "fill bo used in 
al l t:!1o fol l Ol':i nl; comDari80!;'s . 
L 1 Jf1£',kir,g CO;!~ ..... rj,S07'S of the w,rio'ls lor.ds r oqCl.irod for tho 
1"ross fits , it is r e co gnizod th~,t s1'13. 1l d i .ffer 0ncos i n thoso 
l oads ~ r0 probably rot Si~lif ic~ ~t o ~It can b0 s oon in f ig lrc 2 
f r o: l tho date. f;.·()~n tho oU'.or inv ~ sti f5r., tion that t l:e s ca'cter i n 
ciu;?l i c::-.to i:ic:sts i:1. the r o.l:Z;(; of intorfor c.n~Q s undor cons i der ation 
YJ..J c.-,sily be ::tG ;,lt1(;h 8. '::; Ll,OO pounrls . It will be assut1"d $ th(}rc -
foro~ t~rou )~out this d i scllr;cion thc.t dif'f J r el1ccs l ess th n 400 
poured::; a r00rob'~blJ of no siE:1ifi co.nco. 
It is clo--. r fro:'1 a CO"lpClr ison of SPcc:Uilens 1 and S tha t the 
us :::: of G~'od::tg; i:o o 83 o.s t lubricant on oth0rwi se ba r e steo l cn1d 
17S-T sUl'f::tcos r ed c0d tbo l o:...d r cqclirod for 0. press fit to ::tb out 
o" lc - hc.. lf tho 10:J,d 1' :)qu irc d fo r an unlubric8.t od cont:..l.ct of baro 
stue l to a lun im:;'1 ec lloy o A C01 '1p'u'ison of spe cimons 1 and 3 
ind i c,:~t;) S th::t ~~;~ G.ly)ciic cot,tiL .. on tb :::: C'.. luminum surfa ce do -
cr 'o. s cd th::: lor,d to c. li tt I e 1 :s3 than oi lo- h .... l f the load r e gu ired 
for t~10 unlubricG.ted contact of bure stee l to G.ll1mi num. A 
conp', rison of spocil!uns 3 nitll 7 n.:ld 2 'rrith 6 i ndico, to ::; that the 
so of '1 lUllricant i n ,ldd itior. to o.n anodic coat ing or in 
D.1di-'.Jion to cadr"iun n l at i ng v!".s clOt ucn\..,f i c i 1.1 0 
It F il l b" notod i .1 t :.~b L) I tha t t~o four s1)c cimens in 
which the busl' i ng V'::3 ccdnium- p l utod ( S"l"c;jlTlOnS 2; 4 , 6, C'nd 8) 
ga ·,-e lower loael s fo r pr os s fHs tr'l.n OVU'1 the lowest of the 
othors ~ This r eduction i n loa d is att ribut3d to the f e ct, 
borne out by obs 0rv,:, tions durir-g tho prcss - fit operation, that 
at l east a portion of tho cadm iun plu.t in~ 1d:,::; r -:Tfl07od from the 
bus h i n6 durinb tho pr ess fit; which r cducJd the i nitia l 
7 
interference between bushing and fitting. The o.ctu::tl reduction 
in interfe rence caused by the r emova l of a portion of the cadmium 
plo. ting is not kno·I/'ffi j but , ~s tho:; original thickness of the 
cadmium ')l at i n€; is est imated to be a.pproximately 0 . 0004 inch, 
tho ma ximum ohan~e in inte rfer once 'NUS probably l ess than 0 . 0008 
inoh. Boo~wso of this probable ohange in inte r forenoe , it is 
diffioult to arrive at any definite cO!lolnsions oonoe r~Ling tho 
effeot of tho oacl.rr.. iun plating. It oan be stc.to d , however , thn.t 
for 0. given i nitiel interforonce the cadmium 1? l [~ti !lg r e duoes 
the load r e quired for 0. pr8ss fit to l oss than one-third the 
l oad re qu irod for the unlubrioa -cud oontact of b r 1"0 stee l and 
o. lurninun. A cONpar :i.so~1 ot: tho results on specimens 2 , 4 , 6, and 
8 ind ioo.te3 t hat tho uno I'd :3.nGd1c coatings and llb:-ioo.tion i n 
a ddition to co.clmiua plat.in~ docs r~ot docrec.se the pressure 
requ irod for pr es s fits beyond "Gm t for cnchnium o l ::tting [', lono . 
The microscop ic OXo.mil~tion n~de by the Metallurgical 
Divis ion r eve!'. l ed no e'Tid)!lc; of actual galling of the octAl l 
s ur fa oes i n al .... y of the eight S!?eCii1CJns sub-ru.ttcd . A contin'lOus 
l o.YG r of s eve r e ly workvd metal , wtlicn appenrnd to hDvo blJen 
dragged a long by tho bushing , 'N,lS found 0:1 t n.,:; ins i de of tl10 disk 
i n tho case of specimen 1. Tl',is condition su gges ts that, with 
slightly grec:l:icr intorf<.;ronc0 , g!l.llir:.g p r obably viould have boen 
or:countcrcd and i ndicatGS that a.n unlubricatod COlltC. Ct of bare 
steol and a. luminu .I is und·~sirab l c L.'1 the press - fit operation. 
The !ncroscopic exami::V.l.tion also ind icated t !-iat the anodically 
ooatod s ur face s suffe red c0nsidorably in th~ pross - fit oper o.t ion j 
but , fron t ho pr 0ssur e s required for anodically coated so.mp les , 
thi s trol'.tr:lCl" .. t of tho surface s e rved 0. l:seful ?ur1?osc in sp i te 
of this f act . 
It was noted d'.lri~1g the microscop ic oxamino. tion that 501110 
of the ca.d.'llium p lating had becn doposited on the aluminuril-a lloy 
sur faces on t he inside of tho aJ.unim.m-o. lloy dink. This dC~J osit 
indica tes that the cadmium pln.t ing Vhl S probably not entirely 
scr aped off the stee l busning as it entorod t ho hole in the disk 
and thnt the intc ri'c r cr.cc was , therefo r e , not 0. 1 tored quite 8. S 
r1u ch as the 0 . 0008 i nch mentioned a s a po~sibilo maxl1:lUm in a 
previous par agr aph. 
Figure 3 shov:s photogro.nhs of the i~1sidc CGgos 0f three of 
the disl-:s Qfter the pre ss fi ts we r e mado . Thes e photographs 
i llustra te some of tho conditions pr eviously de scribed . 
The coe7:'f icients of friction for th·:; v~ r ious pross - fit 
cond itions woro ca lcu l ated from iIlforw.tion in t ab l es 1 nnd II 
8 
and Ct ro ri '.rcn in t').b 11) I II. Thr;c:o 1-]. l 1.1(; s r a!lgo f r ')m 0033 fo r 
sno cir.,·Jn 1 t o 0 . 09 f'r) r spec iJ'lcn Z. Th,., ::l.\;orago cot.-fficiont of 
; ri ct ion, oxc1udir.i.g: Gpoc i"1on 1 (unlubricrttcd contact of bnre 
steol c..·'1d "lu"1in'u,) , is 0 0 12 . 
COH'::'LJSIOrS 
TIle f"'llmT, i ng onclusio~lS GOOla vg:'..rr .~nt)d QS .Q rosult of tho 
ir.v:::~; l;ib~·ti on da:::crihcd h-;rdn on ; ig;.,.t diff0ront 17S- T a luminur.:-
nllo' fittin~s with nross0d - in sto~l busningo : 
1 . An unl 'lbrico.tcc. c on~-:.:. ct of baro s tee l [.nd aluminum 
shou Id h:; '" ':o :i. d(~d i n ,n£' Li '1o ~rcss fits of stc;61 bus t i nGs and 
a lu,.l ~.r..J.~ -al lo~· fi t ti!'.,,!; h " C<.t'lS0 rclat ivc l ,f '1ig::-t loads aro 
r r.:qu ir od. to 111::-b.: snch "1'o:::;s :i:'it3 u::-.d ;,101' ,) d::..r",9.E;O is donG to the 
a 1u. lir~1.1r.l Gt.rf~ CJ th.,n if .~ 1ubric'.l~lt is usod . 
2 . .Ut :lOu;:;h :'10 lc-c"nl rr,n 1] in!"'; 'v'1s oLcl)untc r ,":),l in a:l.Y of 
tho ,or ,~ ss f i ts i 1 chis i:.r:Tc3t ib8cL')~. , Gh-' slJ,rfrtce I nY,j r of tho 
u lud ir..uT'l- u lloy fitting , i n t 11::.; casr; 0'" t l1(l :) r cGs fit illadc ",vith 
ur. ur.lu1'ricClt"d COi:ta.Ct 0:"-' b~. r e s~ 01 and alur;: i r..u'1 , ;'IO. S soyo1'oly 
v:ork'_d o. nd Q.n)JGtu'vu to h',-.-c !Joc~.' d J.·c 8,f;C>Q e lopg by tho bushir..go 
3 . The USG 0'" G:"nc.,-...:; \Io . HJ r.5 n lul; ricQ.~t i n 11D.k i ng a 
pro;:;s .c' it ','Ta3 f o'nl to b'J \~ry bc:~of"ici'..l ,:hen o.p')l i oG to oth er -
~'ris(, h: .. r ') st,):;1 .. 'ld ~~ It'mi'1um-al],oy s11::,fo.. os 0 Th e pr:;ssuro 
r equired for GucL a lu~)riJnt..::d pro cG :2it, n.dju..;tcd f')r thE: 
difforoLoo i 1 i nto r fe r cnC0 , \;')_ S fl)l.pd to bo C''1.~y oro - l~a lf as 
r r 00t '1.8 tho pr3ss'J. l'O r o quired 'or tho ui1 :j.u )rica tod COi"ltC.Ct of 
baro s tl,o l a~ld 1:.11) dn'.un . 
4. Tho u'.>c of 'mod i c cOD."Gln;3; on th e o.luminu-1- n lloy s:lrfnces I 
even ''i!lon '),nlu~r i c .. ",--cd , d r_ crcnsed ~hc pr<.-ssure r oquired for n 
nr a ce fit to 13f:: t.:, '1 0:1<.- -h~, l f tho ?l e~3sur,-, r ';quirod for ur. 
Uy I nbri catcd cO' .. tC'..-ot ()J.' 'JCt r ") stee l a ld :clur.1ir.'.m. Tho o.ncd ic 
cO",ti~1:.) i tsol.f • ... C'.s rrol:r;'J. U"J a.ld , lnost ,)l.~h-Jly r C,'lO-ycd b-r ~ho 
n:i' cc s-f it op..:r .. ~tio~, bl't -::h-.) rliGtor i"n of +-hc surf:....cc ,~ Y'Jrs 
of tbl) ~ lUEinuc:1 i;~S ~m] Y sli;:;ht co; lp')."'cd with thc diJtOl'tion 
tb .tt oC'c,urr'3Q i n t;}, ,~.S] 0:' tho ull1'.,orioc-t0d cent~ct of DL,re 
s to 0 1 :' r,J. [;t 1 umi '1UJ:1 . 
5. Thl) usc of c:,drr"liur., p I ,t in~ on 'chc f.:t-J'"l l:1ushins , evon 
though ueilu'1i'icc.t"d. dc cr::':'..sod tho pr C'ssL~l" O r o;u irc d for [t Dr oss 
9 
fjt to l oss t hrn one-third tho prCSGU r 0 r oquired for unlubricatcd 
cor..t,'lct of bo..rc; steel n.~ld ::.lur,rinum. A considerab lo portion of 
tho cc.dY'liu'l. ph"ti,ng '1.jO,S r OT!lO'lTod dl'r i n.., tho press fit, however, 
,{ith t11:; r )sult t11O,t sone: of tLis rcduc~ior_ in load mllst be 
U"Jtr ibl), ted to (t dooro:lso in offocti vo j,rJ,torfo ro!lcc. 
6. Although l ubri cation with r::rcclng No. 83 prov~d hig:l1y 
beJ:':.eficiul i.hen o',:)plied to otlterl'islJ b::..ro stoel end n,lnminum 
::Jllri''l.CU;, trlo uatr. ill this invos'Vi E;.ttion irdic~'ltc no defi n ite 
bcr:0fE::: f r th0 c:::.scs in vihich lub~'icQtior: W'JoS o..dded i n 
addi'tio~ to the n.noJi o cO:lt i~g ~r c~dnium pl~tipe . 
70 Th:: c['lcuhted cod'i'ic:lcntf.i of frictil)rJ, fo r the yurious 
p :coas fit.:; for this inw;stig'l. ~irm rt.n~cd f rol.l 0033 for the 
unlu;:)1'ic'lced conte-ct of br.l'e 3t801 cH'.d o,lur'linuC1. to 0.09 fo r tho 
speci.mon 'l'ith to',,'"! u:,lu~)ri:)D.t,d .. n(biu.:1.-p l rt,)d bushir-'6 0 The 
c:'.el'LSC coo'fficic:nt of f'l',~('.t;':'(l~ fo~' all spccimo::1s, excludin::; 
tl;e t..;l11ubric'l.t;; 1 C01lt~H.:t of DC' rG stc:~l ?nc. n.1uminUll, :."lS found 
to bl. 0. 12. B0'JI~VSO thew cooff::cit:nts of fl'ictio~. n,ro 18sod 
c:,tircly m co.Lml'l.tcJ r .. dL,l pr03!'lUreS ?r.d bcc~uso +;1..c 
cn.lcuL.tions :'r0 b'-,cell Oll id,··o.liz0c c)nditi,)lS not strictly 
(.tt~in~d in those tOBt~ J they s~ould ~o co~sid3rod cs being only 
ap:lrox:ir:ln tcl:v correct . 
Alu:.inu,'n Rcstj'l.rc:h L:.boX'c-,toric3 , 
A:ll!ilin '.,. C );'.DU' y r:f ,A:noric n :; 
!'TC);/ Ko!".::: L!6t ::..n, Pc:. .. 
1. Tinoohonko , S.: StrcugtlI0i'Ha.tr:ri n ls .. pt . II. 
D. Van .i~os~r'l.ml C(l ., l:r:u., 1930, u. 533 . 
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TABLE I 
DATA FROM PRESS FITS OF STEEL BUSHINGS IN 17S-T FITTINGS 
Spec- Inside Outside 
imen diam. of diam. of Inter- Condition Condition Lubricant 
fittings bushings ference of l7S-T of steel 
. (in. ) (in. ) (in. ) surface surface 
(a) (b) 
1 0.8728 0.8756 0.0028 Bars Bare None 
2 .8737 .8764 .0027 Bare Cadmium- None 
plated 
3 .8733 .8756 .0023 Anodically Bare None 
coatedd 
4 .8743 .8764 .0021 Anodically Cadmium- None 
coatedd plated 
5 .3733 .8756 .0023 Bare Bare Gredag No. 83 
6 
.8737 .8764 .0027 Bare Cadmium- Gredag No. 83 
plated 
7 .8733 .3757 .0024 Anodically 
coatedd 
Bare Gredag No. 83 
g 
.8742 .8764 .0022 Anodically Cadroium- Gredag No. 83 
coatedd plated 
c __ . _ 
aDetermined with Hoke precision gage blocks. 
bDetermined with Zeiss optimeter and Hoke precision gage blocks. 
cSee fig. 2. 
dChromic acid, AN-QQ-A-696. 
Max . load 
required 
to insert 
bushing into 
fi tting 
(lb) 
7160 
1860 
2330 
1600 
2820 
2500 
2560 
1790 
Adjusted 
load for 
an inter-
ference of 
0.0028 in. 
(lb) 
(c) 
7160 
1950 
3000 
2300 
3600 
2600 
3100 
2450 
.., 
~ 
o 

.. 
Spec-
imen 
1 
2 
3 
4 
5 
6 
7 
8 
W-3S 
TABLE II 
COMPUTED PRESSURES All"]) STRESSES IN SPECIMEns OF 
Inter-
ference 
(in. ) 
0.0028 
. 0027 
. 0023 
.0021 
.0023 
.0027 
. 0024 
.0022 
l7S-T FITTINGS i'lITH PRESSED-IN STEEL BUSHINGS 
[Values are only apIJ r oximately correct because 
of limited appl icability of f or mul as used] 
Radial 
pressure Max. stresses in Max. stresses in 
between bushing fi thngs 
fit ting (n/sq in .) (lb/ sq in.) 
and Circumf erential Shear Circumferential Shear 
bushing 
(lb/ sq i n .) 
compr ession tension 
10,600 43 ,300 21,600 19,200 19,900 
10 ,200 41 ,600 20 ,800 18,500 19,100 
8,700 35 , 500 17,800 15,800 16 ,300 
7,900 32,300 16,200 14,400 14,900 
8,700 35,500 17 , 800 15 ,800 16,300 
10 ,200 41 ,600 20 , 800 18 ,500 19 ,100 
9,100 36 ,700 18,500 16 , 500 17,000 
8 .300 33 ,900 16,900 15,100 15,600 
- - - - - - ----- - - - - --_ ... - - ---- ~-~--
I-' 
I-' 

, 
TABLE III 
CALCULATED COEFFICIENTS OF FRICTION FOR THE VARIOUS PRESS FITS 
[Computed radial pressures are approximat~ 
Comput ed 
radial Ma..'C. 
pressure pressure 
between required Computed 
Specimen Interference fitting for press coefficient 
and fit of friction 
bushing (lbl sCl in.) 
(in. ) (lb I s Cl in.) (a) 
1 0.0028 10,600 3480 0·33 
2 . 0027 10,200 900 .09 
3 .0023 8,700 1130 .13 
4 .0021 7,900 780 .10 
5 .0023 8,700 1370 .16 
6 .0027 10,200 1210 .12 
7 .0024 9,100 1240 .14 
8 .0022 8,300 870 .10 
-------- -----
~hese pressures were calculated by dividing the max. load 
required to insert bushing into fitting (from table I) by 
2.06 sq in., which is the final area of contact between 
the steel bushing and the aluminum-alloy fitting. 
W-3,S 
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NACA Fig. 1 
Figure 1.- Photograph showing finish on inside of hole bored 
in a l7S-T disk typical of the disks used in this 
investigation. lOX 
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Fig. 2 
~pecimen 1 ) 
• 
V 
V * / 
// V 
/~ 5d~ 7 6-d 
3a~ V \ . 
~V.d 
4 2 
y/ 
16 24 
Interfarenc8. in. 
This curve, repre senting 
the general r el a tion be- ---
tween load and interfer-
ence, is based on data 
taken from an unpublished ---
investigation. 
32 40 x 10-4 
Figure 2.- Diagram for correcting loads to repr esent the same value of 
interference. 
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Fig. 3 
( a) Bushing , bare; 
without l.ubrica-
tion. Note severely 
wor ked surface layer, 
which appears to have 
been dragged along by 
the bushing . 500X 
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(c) Bushing, cadmium-
plated; without 
lubrication. Note 
cadmium picked up 
from bushing . lOOX 
Figure 3. - Longitudinal section through a bare l7S-T fitting 
in which steel bushing had been pressed, 
